Chemoselective reduction of nitro group in polyfunctional nitrophenyl 2-oxobut-3-enyl Cglycopyranosides to the respective aminophenyl 2-oxobut-3-enyl glycopyranosides with SnCl2.2H2O under ultrasonic vibration in good yields was achieved successfully. Other potentially reducible groups such as carbonyl, ester, azide, tosyl, alkenic substituents were unaffected during reaction. The 2′-nitrophenyl-2-oxobut-3-enyl glycopyranosides as reduction substrates gave 2-quinolinemethyl glycopyranosides via reduction followed by intramolecular cyclocondensation reactions. These β-C-glycopyranosides hold great promise in medicinal chemistry.
Introduction
Compounds with aniline moiety are key intermediates to the synthesis, inter alia, of dyes, herbicides, pesticides, and pharmaceuticals. [1] [2] [3] [4] The application of conventional catalytic systems to the selective reduction of a nitro group in nitroarenes in the presence of other potentially reducible functional groups, e.g., halogen, carbonyl, cyano, benzyloxy, tosyloxy, acetyl and alkenic groups has many drawbacks as the reaction is often accompanied by the reduction of other functional groups as well and sometimes reduction of benzene ring to its cyclohexyl Scheme 1. Synthesis of nitrophenyl 2-oxobut-3-enyl-1′-deoxy-C-glycopyranosides.
The starting nitrophenyl 2-oxobut-3-enyl-1′-deoxy-β-D-C-glycopyranosides (1, 2a and 2b) and the peracetylated 2-oxobut-3-enyl-1′-deoxy-β-D-C-glycopyranosides (3a-3c, 4a-4c) were prepared from commercially available sugars D-xylose and D-glucose following earlier reported protocols. [36] [37] [38] [39] The spectroscopic data of these compounds are similar to those prepared earlier, 36 and most of the newly synthesized compounds follow the same pattern.
To optimize the reaction conditions for the chemoselective reduction, a model substrate (E)-4-(3-nitrophenyl)-1-[1′-deoxy-2′,3′,4′,6′-tetra-O-acetyl-β-D-glucopyranos-1′-yl]but-3-en-2-one (4b) was reduced with different reducing agents using different experimental conditions under ultrasonic vibration at 30 °C to give the respective (E)-4-(3-aminophenyl)-1-[1′-deoxy-2′,3′,4′,6′-tetra-O-acetyl-β-D-glucopyranos-1′-yl]but-3-en-2-one (8b) in varying yields (Scheme 2).
Scheme 2.
A model chemoselective reduction of nitro phenyl 2-oxobut-3-enyl-1′-deoxyglucopyranoside (4b) in the presence of various reducing agents and solvents.
SnCl2.2H2O and Fe(s)/AcOH were screened for reduction purpose in different solvents and the results are summarized in Table 1 . The application of EtOH in the presence of SnCl2.2H2O (10 eq.) at 30 °C in ultrasonic bath was found to be the most suitable condition to offer the maximum yield (68%) of the desired compound 8b. Increasing the load of catalyst does not affect the yield of the product, however the time for the completion of reaction is slightly reduced ( Table 1 , entry 4 and 5). Although the conventional stirring at 60 °C and in refluxing condition the yield of the desired product is comparable to that of ultrasonic bath yet the time required in conventional stirring is significantly enhanced ( Table 1 , entry 7 and 8). It is important to mention here that minor products (detected by TLC) formed during the reaction could not be isolated in pure form to be characterized.
The structural elucidation of compound 8b was carried out on the basis of its spectroscopic data. HRMS of the compound displays m/z.514.1662 amu as [M+Na] + peak corresponding to its molecular formulae C24H29NO10. In the 1 H NMR spectrum, the two exchangeable NH2 protons were observed at δ 3.72 while the two olefinic protons were visible as doublets at δ 7.46 (d, 1H, J =16.1 Hz, H-4) and δ 6.68 (d, 1H, J= 16.1 Hz, H-3) besides other usual protons at their usual chemical shift. In 13 C NMR spectrum a signal at δ 195.7 accounted the ketonic group carbon (CH2-(C=O)-C=C-), quite distinct from the acetyl carbon signals at δ 170.2, 169.8, 169.5 and 169.1. The olefinic carbon signals were visible at δ 144.0 (C-4) and 126.0 (C-3), while the methylene carbon of the alkenonyl moiety was observed at δ 42.6 along with other usual signals. Above all the reactions are conducted in ultrasonic bath expect entries 6-8 which were conducted under conventional stirring.
Having optimized reaction condition for the chemoselective reduction of the nitro group, its scope was investigated with other substrates also, where the reduction of the above nitro phenyl 2-oxobut-3-enyl-1′-deoxy-glycopyranosides 2a, 2b, 3b, 3c, 4b and 4c (except 2-nitro substituted systems, 1, 3a and 4a) with 10 equiv. of SnCl2.2H2O under ultrasonic vibration in ethanol at 30 °C separately led to the formation respective 4-(aminophenyl) -2-oxobut-3-enyl-1′-deoxyglycopyranosides (6a, 6b, 7b, 7c, 8b and 8c) in good yields (Scheme 3, Table 2 ). One of the interesting observations made during the reduction of the 4-(nitrophenyl)-2-oxobut-3-enyl-1′-deoxy-glycopyranosides with or without protected hydroxyl groups in the sugar moiety was that all of them underwent smooth reduction of the nitro group in aromatic ring irrespective of the nature of the sugar without affecting other potentially reducible functional groups. To our pleasant surprise, reduction of the 4-(2-nitrophenyl)-2-oxobut-3-enyl-1′-deoxy-β-D-glycopyranosides (1, 3a and 4a) under above mentioned condition led to formation of products unexpectedly with almost same Rf values as the starting material but devoid of the nitro and carbonyl groups. The compounds were isolated and characterized as quinolin-2-methyl glycopyranosides (5, 7a and 8a) in good yields (Scheme 3, Table 2 ). Such observations were earlier reported by Silva's group 40, 41 during reduction of 2-nitro chalcone with SnCl2. 
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Scheme 3. Chemoselective reduction of nitrophenyl 2-oxobut-3-enyl-1'-deoxy-glycopyranosides to quinolinemethyl or aminophenyl 2-oxobut-3-enyl-1′-deoxy-glycopyranosides.
Further, to enhance the scope of the chemoselective reduction of the nitro group in such compounds with other sensitive functional groups in sugar moiety, we selected 6′-tosyloxy-l′-deoxy-glucopyranoside derivative (9) and 6′-azido-1′,6′-dideoxy-glucopyranoside (10) respectively. The latter could be prepared by selective tosylation of (E)-4-(3-nitrophenyl)-1-[1′-deoxy-β-D-glucopyranos-1′-yl]but-3-en-2-one (2a) with p-toluenesulfonyl chloride to give the respective 6′-tosyloxy derivative (9) , which on treatment with NaN3 in DMF gave 6′-azido-6-deoxy derivative (10) . The reduction of nitro groups in the above compounds 9 and 10 with 
Conclusions
We have prepared a series of 4-(nitrophenyl)-2-oxobut-3-enyl-1′-deoxy-glycopyranosides from β-C-glycosylic propanones derived from D-xylose and D-glucose. The 4-(nitrophenyl)-2-oxobut-3-enyl-1′-deoxy-glycopyranosides on chemoselective reduction with SnCl2.2H2O in ultrasonic bath at ambient temparature resulted in the respective (E)-1-[(1′-deoxy-β-D-(glycopyranos-1′-yl)]-4-(aminophenyl)-but-3-en-2-ones and quinolin-2-methyl-Cglycopyranosides stereoselectively in good yields. The potential of these synthesized aminophenyl 2-oxobut-3-enyl glycopyranosides has been demonstrated in diversity-oriented synthesis of a library of potentially biologically active glycoconjugates with sulfonamide, phenylcarbamoylbenzoic acid and ureide moieties.
Experimental Section
General. Commercially available reagent grade chemicals were used as received. All reactions were followed by TLC on Merck Kieselgel 60 F254, with detection by UV light, spraying 20% aq. KMnO4 solution and/or spraying 4% ethanolic H2SO4. Column chromatography was performed on Silica Gel (60-120 mesh, E. Merck). IR spectra were recorded as thin films or in KBr solution with a Perkin-Elmer Spectrum RX-1 (4000-450 cm -1 ) spectrophotometer. 1 H and
13
C NMR spectra were recorded on Bruker DRX 400 MHz, 300 MHz, 75 MHz and 100 MHz instruments, respectively, in CDCl3 and DMSO-d6. Chemical shift values are reported in ppm relative to TMS (tetramethylsilane) as the internal reference, unless otherwise stated; s (singlet), d (doublet), t (triplet), dd (double doublet), m (multiplet); J in Hertz. HRMS were performed using a Quattro II (Micromass) instrument. Optical rotations were measured in a 1.0-dm tube with a Rudolf Autopol III polarimeter in CHCl3 and MeOH. "RT" denotes room temperature. + .
General procedure for the preparation of (E)-4-(2-nitrophenyl)-1-[1′-deoxy-2′,3′,4′-tri-Oacetyl-β-D-xylopyranos-1′-yl]but-3-en-2-one (3a).
To a stirring solution of 1-(1′-deoxy-2′,3′,4′-tri-O-acetyl-β-D-xylopyranos-1′-yl)-propan-2-one 37, 38 (2.0 g, 6.32 mmol) and 2-nitrobenzaldehyde (1.14 g, 7.59 mmol) in CH2Cl2 (15.0 mL), pyrrolidine (20 mol %) was added and stirring continued at ambient temperature till the disappearance (TLC) of sugar ketone. The reaction mixture was extracted with CH2Cl2 and washed with water, the organic layer was dried (anhyd. Na2SO4) and solvent evaporated under reduced pressure to give a crude mass, which was purified by column (SiO2, 60-120 mesh) chromatography using a gradient of EtOAc/Hexane as eluent to give the title compound 3a as a white solid, yield 65%, 1H, d, J.7.9 Hz, Ar-H). 13 General procedure for chemoselective reduction of nitro group in nitrophenyl 2-oxobut-3-enyl glycopyranosides. To a stirring ethanolic solution of 4-(nitrophenyl)-2-oxobut-3-enyl glycopyranosides (1.0 equiv.) in ultrasonic bath at 30 °C , SnCl2.2H2O (10.0 equiv.) was added and reaction continued till the completion of the reaction. The reaction mixture was taken out of the ultrasonic bath and was neutralized by solid NaHCO3 and was filtered with celite pad then the filtrate was evaporated under reduced pressure and extracted with EtOAc and water. The EtOAc layer was dried (anhyd. Na2SO4) and solvent evaporated under reduced pressure to give a crude mass. The latter was purified by column chromatography (SiO2, 60-120 mesh) using appropriate eluent to give the respective compounds in 60-70 % yields. (5) . It was obtained by the reaction of (2-nitrophenyl)-2-oxobut-3-enyl glycopyranoside 1 (1.0 g, + . Deoxy-2′,3′,4′-tri-O-acetyl-β-D-xylopyranos-1′-yl) m, H-1), 3.60 (1H, m, H-1′), 3.99 (1H, m, H-6′b), 4.19 (1H, m, H-6′a), 4.23 (1H, m, H-5′ (9) . To a stirring solution of 3-nitrophenyl-2-oxobut-3-enyl glucopyranoside (2a) (1.00 g, 2.83 mmol) in pyridine, Et3N (0.078 mL, 0.056 mmol) was added and solution was cooled to 0 °C. Tosyl chloride (TsCl) (0.64 g, 3.39 mmol) was gradually added to the stirring solution. After addition of p-toluenesulfonyl chloride the reaction mixture and stirring was continued at the same temperature till the starting sugar is consumed totally (TLC). After completion of the reaction, acetic anhydride (Ac2O) (0.43 mL, 3.11 mmol) was added (dropwise) to the stirring reaction mixture at 0 °C followed by stiriing at room temperature till the reaction was completed (TLC). The reaction mixture was partitioned between ethylacetate and water and organic layer was washed with water and dried (Na2SO4) and the solvent was evaporated under reduced pressure to give a crude mass, which was purified by column chromatography (SiO2 60-120) using hexan:ethylacetate (3:1) as eluent to give the compound 9 as white solid, Yield 78%, 1. 26 mmol) in DMF (15 ml) was added NaN3 (0.09 g, 1.38 mmol) and the reaction mixture was stirred at 80 °C until completion (TLC) of reaction. The reaction mixture was partitioned between ethylacetate and water and organic layer was separated and dried (anhyd Na2SO4) and evaporated under reduced pressure to give a crude mass. The latter was purified by column chromatography (SiO2 60-120) using hexane : ethyl acetate (5:1) as eluent to give the compound 10 as colourless solid, Yield 53%, 0.34 g, mp 141-143 °C ; Rf 0. 13 + . (E)-4-(3-Aminophenyl)-1-[1′-deoxy-2′,3′,4′-tri-O-acetyl-6′-O-(p-toluenesulfonyl)-β-D-glucopyranos-1′-yl]but-3-en-2-one (11) . It was obtained by the reaction of (E)-4-(3-nitrophenyl)-1- (9) + .
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